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A PRINCIPLE OF QUANTUMNESS
OVIDIU CRISTINEL STOICA*
Abstract. Quantum correlations and other phenomena char-
acteristic to a quantum world can be understood as simply
consequences of a principle derived from the postulates of
Quantum Mechanics. This explanatory principle states that
these phenomena specific to the quantum world are caused
by the tension between the constraints, or initial conditions,
imposed by incompatible observations. This tension is found
to be at the root of Bohr’s complementarity, Heisenberg’s un-
certainty, results concerning nonlocality, contextuality, quan-
tum correlations in time and space. This tension requires the
presence of noncommuting observables, but noncommutativ-
ity doesn’t always lead to the tension, and the two concepts
are not exactly the same, as it will be explained and exempli-
fied.
1. Introduction
In the following, I will call “quantumness” those distinctive char-
acteristics of Quantum Mechanics (QM) which make it different
from classical physics. Although these phenomena are predicted by
the theory itself, they still appear strange and contradictory, and
there is a spread opinion that they lack an explanation. While the
mere fact that Quantum Mechanics predicts them, means that it
explains them in terms of its fundamental postulates, this doesn’t
make them any clearer. This article aims to identify the key feature
that is at the root of all these phenomena. By this, what appears
as the strangeness of QM can at least be reduced to a single strange
feature.
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Many physicists consider desirable to be able to isolate the source
of quantumness in the form of a principle, more like how Special
Relativity is founded on two simple principles that have a physical
meaning. I emphasize that this doesn’t necessarily mean to search
for a principle outside what QM already tells us, but only to isolate
the essence, the root of all phenomena that make QM so different
from classical physics.
With respect to this, J.A. Wheeler wrote [1]
... if one really understood the central point and its
necessity in the construction of the world, one ought
to be able to state it in one clear, simple sentence.
Until we see the quantum principle with this sim-
plicity we can well believe that we do not know the
first thing about the universe, about ourselves, and
about our place in the universe.
According to Fuchs and Stacey [2],
Can we find some axiomatic system that really goes
after the weird part of quantum theory? [...] What
I would like as a goal is a way to push quantum
theory’s specific form of contextuality all into one
corner.
The aim of this article is to make more explicit the fact that
quantumness is simply a consequence of a principle which I will call
the tension principle, and which follows directly from the projection
postulate. Consequently,
“In one clear, simple sentence”[1], the “weird part
of quantum theory”[2] is the tension between the
constraints imposed to the system by different ob-
servations.
From the beginning of Quantum Mechanics, starting with Bohr
and Heisenberg, physicists were aware of the fact that noncom-
muting observables are incompatible, or complementary. However,
while the tension principle is related to noncommutativity of ob-
servables, it does not reduce to it, and they are different, as I will
explain and show by concrete examples in section §4. This arti-
cle is an attempt to reduce most of the known strange features of
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Quantum Mechanics to a single one. As I will show, this includes
complementarity, quantum uncertainty, EPR paradox, Bell’s theo-
rem, quantum contextuality and quantum correlations.
2. The essence of quantumness
2.1. The postulates of Quantum Mechanics. For the purpose
of this article it is enough to rely on a well known formulation of
Quantum Mechanics [3, 4], which I remind briefly.
A quantum system has associated a Hilbert space H. The state of
the system is represented by a vector |ψ〉 in H. Its time evolution
is governed by a unitary operator U(t) ∈ U(H), by
(1) |ψt〉 = U(t)|ψ0〉.
An observable is a Hermitian operator Oˆ, and can be written as
(2) Oˆ =
∑
λ
λPλ,
where Pλ are the projection operators onto the eigenspaces Hλ,
indexed by the eigenvalues λ. The Hilbert space H admits the
orthogonal decomposition
(3) H =
⊕
λ
Hλ,
and Hλ = PλH. Any observation or measurement of the observable
Oˆ of the system whose state is |ψ〉 is governed by the following
postulates, which were distilled from the original Born rule [3, 4]:
PROJ. The projection postulate. An observation finds the sys-
tem in a state obtained by projecting the state before observation,
|ψ〉, on one of the eigenspaces of Oˆ, and the outcome is the corre-
sponding eigenvalue λ.
There are also more general measurements, named POVMs (from
positive operator valued measure), but we will not discuss them
here, since they would complicate the exposition without telling
something that is not already implicit in PROJ.
PROB. The probability rule. The probability that the outcome
is the eigenvalue λ is
(4) pλ = 〈ψ|Pλ|ψ〉.
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Although these two postulates are often referred together as “the
Born rule”, I prefer to keep them distinct, because they have dis-
tinct roles in the understanding of quantumness.
The expectation value of Oˆ is
(5) 〈O〉ψ :=
∑
λ
λpλ,
which can be written as
(6) 〈O〉ψ = 〈ψ|Oˆ|ψ〉.
2.2. Entanglement. If a system consists of two or more subsys-
tems, its Hilbert space H is the tensor product of the Hilbert spaces
Hi of the subsystems,
(7) H =
⊗
i
Hi.
When the Hilbert space can be represented as a tensor product,
any vector |ψ〉 ∈ H can be represented as a linear superposition of
tensor products of vectors from the spaces Hi. If the state |ψ〉 =⊗
i |ψ〉i, where |ψ〉i ∈ Hi, it is called separable, otherwise, it is
entangled.
This may happen when the system represented on the Hilbert
space H is composed of two or more subsystems, represented on
Hi. The most known example is when a system is composed of
more particles.
But entanglement can also exist between the path and the spin
of a particle. For example, the state of an electron which passes
through a Stern-Gerlach device becomes a superposition
1√
2
(| ↑〉|upper trajectory〉+ | ↓〉|lower trajectory〉) .
In the Stern-Gerlach experiment, by detecting the path, we de-
duce the spin. Similarly, there is entanglement between path and
polarization [5]. The path-spin entanglement is genuine entangle-
ment and can be converted to entanglement between particles [6].
We see that entanglement has nothing intrinsically related to
nonlocality or even to position. Entanglement can be present in
quantum systems which don’t have as degrees of freedom the posi-
tion, which is not intrinsically quantum mechanical. Understanding
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this can clarify part of the usual confusion concerning QuantumMe-
chanics, as we shall see for example in the section about the EPR
paradox.
2.3. The Tension Principle. The postulates recalled in §2.1 have
as consequences the plethora of phenomena which make QM so dif-
ferent from the classical world. Quantum correlations, nonlocality,
contextuality, all these points of tension between QM and classical
physics, are obviously consequences of the postulates of QM itself.
In the following I want to propose a principle which aims to
concentrate the essence of the quantumness in “one clear, simple
sentence”.
According to PROJ, an observation constrains the system to be
in an eigenstate of the observable. The evolution of the state vector
is governed by the Schro¨dinger equation, and we can say that the
observation determines its initial conditions. But the observation
not quite finds the initial conditions, it actually constrains them
to be one of its eigenvectors. This is already evident in the PROJ
principle, but let’s reformulate it, for clarity purposes.
PROJ’. The observation constrains the system to be an eigen-
state of the observable.
Different observables impose different constraints on the state
of the system, which may be incompatible, in the sense that the
same state can’t satisfy all of them simultaneously. The aim of this
article is to show that this tension between the different constraints
is at the root of major typically quantum phenomena.
TENS. The tension principle. Quantumness is caused by the
tension between the constraints imposed by incompatible observa-
tions.
This tension is essential, and follows directly from PROJ. The
“tension”, the degree of incompatibility between two observables Aˆ
and Bˆ, is given by the commutator
(8) [Aˆ, Bˆ] = AˆBˆ − BˆAˆ.
The TENS principle becomes manifest when the settings are such
that there is a tension between noncommuting observables. As we
shall see in section §3.2, sometimes the observables are apparently
commutative, yet the tension is still present. But even in that case,
5
as we will see, noncommutativity is present. As we will explain in
section §4, noncommutativity doesn’t always generate tension, and
the two concepts are not identical.
This tension is in fact at the root of the probability rule PROB as
well. Assume that we first performed the observation Aˆ, and found
the system in an eigenstate |ψ〉 of Aˆ. If the second observation
Bˆ doesn’t commute with Aˆ, then how can the system be also an
eigenstate of Bˆ? In order to be, it has to be projected. But on
which eigenspace of Bˆ should it be projected? It will project on
any of these eigenspaces, with a given probability.
The probability rule PROB seems to apply to a single observable,
so where is the tension? The tension is between the preparation of
the system in an eigenstate of the observable Aˆ, and the measure-
ment of the observable Bˆ. While at this point PROB doesn’t seem
to be different from classical probabilities, we will see that it is
responsible for the very nonclassical correlations.
In the following I will argue that whenever we have a deviation of
the predictions of QM from those a classical theory would be able
in principle to make, the deviation is caused by a tension between
the constraints imposed by the observables.
3. Manifestations of the Tension Principle
3.1. Complementarity and uncertainty. Probably the first known
nonclassical feature of Quantum Mechanics was the point-particle–
wave duality. A particle behaves sometimes like a wave, and some-
times like a classical material point, depending on whether we mea-
sure the position or the momentum.
Bohr’s complementarity principle states that the wave aspect and
the point-particle aspect cannot be observed simultaneously. This
corresponds to the fact that the two observables xˆ and pˆx decom-
pose differently the Hilbert space. Hence, Bohr’s complementarity
is a direct consequence of the tension principle TENS.
Heisenberg’s uncertainty principle [7, 8, 9] states that
(9) σx,ψσpx,ψ ≥
~
2
,
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where σO,ψ denotes the standard deviation of the operator Oˆ, de-
fined as
(10) σO,ψ :=
√
〈Oˆ2〉ψ − 〈Oˆ〉2ψ.
Robertson [10, 11] generalized the uncertainty principle to any
two observables Aˆ and Bˆ, and |ψ〉 in their common domain:
(11) σA,ψσB,ψ ≥ 1
2
∣∣∣〈[Aˆ, Bˆ]〉ψ
∣∣∣ .
For the observables xˆ and pˆx we recover (9), since
(12) [xˆ, pˆx] = i~.
From (5) we see that the uncertainty principle follows directly
from the tension principle and the probability rule PROB.
Complementarity and uncertainty were the first hints that quan-
tum mechanics is very different from classical theories. However,
they can be emulated by classical theories, provided that we add
variables that are not observable (hence called “hidden variables”).
However, in the following we shall see that there are other fea-
tures, which are not local and depend on the measurements set-
tings. These can be emulated only by hidden variables theories
which are nonlocal and depend on the context.
3.2. EPR and Bell’s theorem. Consider a system made of two
subsystems, H = HA ⊗ HB . Suppose that the state |ψ〉 ∈ H is
entangled, and we observe the state of the two systems, where OˆA
and OˆB are the observables. This is just a particular case of an
observable Oˆ on the Hilbert space H, where Oˆ = OˆA ⊗ OˆB , and
the Born rule (PROJ & PROB) leads to the expectation value (6)
(13) 〈O〉ψ = 〈ψ|OˆA ⊗ OˆB |ψ〉.
If we interpret the probability distribution determined by PROB in
terms of HA and HB , we find that the outcomes of the two observa-
tions are correlated, and the correlation is given by the expectation
value of the product of the outcomes on the two sides.
The observables OˆA and OˆB act on the subsystems HA and HB .
They are equivalent to the observables OˆA⊗ IˆB and IˆA⊗OˆB , which
act on H and commute. If they commute, then where is the tension
present here?
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Let’s take as an example the EPR experiment [12], in the version
with spins, used by Bohm [13] and Bell [14], where we have two
qubits entangled in a singlet state
(14) |ψ〉 = 1√
2
(| ↑〉A| ↓〉B − | ↓〉A| ↑〉B) ,
and the observables represent the spin along some directions. Sup-
pose the observable OˆA has the form
OˆA = 1
2
(| ր〉A〈ր |A + | ւ〉A〈ւ |A) .
Its eigenstates are the vectors | ր〉A and | ւ〉A. Then, the singlet
state (14) can be written as
(15) |ψ〉 = 1√
2
(| ր〉A| ւ〉B − | ւ〉A| ր〉B) .
Therefore, the observable OˆA not only singles out the directions
| ր〉A and | ւ〉A in HA, but also the directions | ր〉B and | ւ
〉B in HB. Let Oˆ′B be the observable having as eigenstates these
directions,
Oˆ′B =
1
2
(| ր〉B〈ր |B + | ւ〉B〈ւ |B) .
Then, [OˆA ⊗ IˆB, IˆA ⊗ Oˆ′B ] = 0. The observables OˆA and OˆB are
incompatible if and only if [OˆB , Oˆ′B ] 6= 0, and here is where the
tension is present.
In terms of the Choi isomorphism, the state (14), when expressed
in the basis (| ր〉A, | ւ〉A), determines an isomorphism
(16) | ր〉B〈ր |A + | ւ〉B〈ւ |A
between the spaces HA and HB. The observable Oˆ′B can be ob-
tained from OˆA by the isomorphism (16). It is true that this iso-
morphism depends on the basis, but if we use another basis, we
obtain an observable with the same eigenspaces, so this doesn’t
affect the reasoning. This identification of the space HA and HB
leads, in the case when [OˆB , Oˆ′B ] 6= 0, to a tension between the ob-
servables OˆA and OˆB . If OˆB and Oˆ′B commute, there is no tension,
and the correlations are classical.
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There is another way to see this tension, as taking place between
the preparation and the two observations. To prepare the system
in a singlet state, the observable must have as nondegenerate eigen-
state the singlet state (14). Any such observable is incompatible
with OˆA ⊗ IˆB and IˆA ⊗ OˆB , which don’t admit the singlet state
as eigenstate. There is a tension between the preparation in a sin-
glet state and the observables OˆA and OˆB . Also, there is a tension
between OˆA and OˆB , but only if [OˆB , Oˆ′B ] 6= 0.
Therefore, the tension principle TENS is at the root of the non-
classical behavior manifest in the EPR experiment.
3.3. Quantum contextuality. The projection postulate PROJ,
stating that the system is found to be an eigenstate of the observ-
able Oˆ, has a strange feature. If a system is in a definite state
before the measurement, it seems to depend on what observable
will be measured in the future. While Bohr resolved this problem
by suggesting that there is no reality prior to the observation, this
was not compelling for everyone. The reason is that one can eas-
ily conceive that there is a pre-assignment of outcomes for each
possible observation.
The Kochen-Specker theorem [15] shows that the setup can be
chosen so that no pre-assignment of outcomes for each possible
observation is possible. Or in fact it depends not only on that
observation, but also on any other observations performed together
with it.
Assume that a particle contains the information to determine
the outcome of any possible observation Oˆ we can perform on it.
Then, the theorem shows, this information should also depend on
the context, i.e. on what other observable Oˆ′ we measure together
with Oˆ, even if they commute. Consequently, if one tries to build a
hidden-variables theory in which the particle contains the informa-
tion needed to determine the outcome of any possible observation,
one should actually make sure this depends on the other observa-
tions too.
The Kochen-Specker theorem is obtained by gathering enough
observables, so that the tension between them prevents the possi-
bility to pre-assign outcomes for each possible observation.
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The original Kochen-Specker theorem doesn’t involve the proba-
bility rule PROB, but there are variants which rely on correlations
[16]. Conversely, there are also Bell-type results which follow solely
from PROJ and not from PROB, for example involving the GHZ
state [17, 18, 19].
3.4. Quantum correlations. The correlation between two ob-
servables Aˆ and Bˆ is defined as the expectation value of their prod-
uct,
(17) C(Aˆ, Bˆ)ψ = 〈AˆBˆ〉ψ.
It is interesting how expectation values work in QM. On the one
hand, as seen from the equation (10), they lead to the uncertainty
principle (9), and were regarded as proving the limitations of QM,
as compared to the potentially infinite precision of measurement in
classical mechanics. However, by carefully combining observables,
the probability rule PROB can lead to correlations that can’t be
obtained by classical theories, unless we allow them to violate local
realism and independence of context.
The greater the tension between the constraints imposed by the
observables, the greater and more nonclassical is the resulting cor-
relation.
Classical correlations are calculated assuming that there are some
definite values for the variables. The resulting correlations sat-
isfy some inequalities, which may be violated by the corresponding
quantum correlations, because the tension principle doesn’t allow
the existence of definite values for all the observables. This pro-
vides ways to test the predictions of QM as compared to those of
classical theories.
If the quantum observations are supposed to be made simultane-
ously on the same system in the same place, one obtains Kochen-
Specker-type inequalities.
If the observations are sequential, one obtains temporal inequali-
ties, or Leggett-Garg-type inequalities [20]. There are some theories
which aim to prove that the classical world emerges from the quan-
tum one. For instance, the objective collapse theories [21], and the
decoherence program [22, 23]. But is the classical theory which is
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supposed to emerge at the macroscopic level realist? The Leggett-
Garg theorem ruled out macroscopic realism, similar to how the
Bell [14] and Kochen-Specker [24, 15] theorems ruled out local and
noncontextual realism. The Leggett-Garg inequality is violated at
all quantum levels, and became a prototype for the temporal in-
equalities.
3.5. A unified view on correlations. Quantum correlations may
appear very different: the Kochen-Specker-type correlations refer to
the context, the Leggett-Garg-type correlations are temporal, and
the Bell-type correlations are spatial. However, they all have some-
thing in common: the classical inequalities are obtained by similar
algebraic calculations, and all the quantum correlations follow from
the tension between the constraints imposed by the noncommuting
observables. This suggests that they may be more strongly related.
Suppose we start with a set of observables for the same system,
so that there is a tension between the constraints they impose.
For some states the quantum correlations violate the inequalities
which are obeyed by the corresponding classical correlations. We
obtained a Kochen-Specker-type scenario. Now, let’s assume the
same observations are performed in a temporal order. For exam-
ple, the KCBS inequality [16] can be translated in a temporal sce-
nario easily. We obtain a Leggett-Garg-type scenario. Hence, the
temporal, or Leggett-Garg-type scenarios are also of the Kochen-
Specker-type,
(18) Leggett-Garg ⊂ Kochen-Specker.
Assume now that we are in a temporal scenario, and the ob-
served system is composite, and the observables act on one of the
subsystems or the other. The observables corresponding to differ-
ent subsystems commute, so it seems there is no tension. However,
as explained in §3.2, the state in which the composite system is pre-
pared forces relations between the Hilbert spaces of the subsystems.
This means that what we thought to be compatible observables, for
entangled systems are in fact incompatible. Alternatively, the ten-
sion can be seen as taking place between the preparation of the
entangled system and the other observables. In the Bell-type sce-
nario, space doesn’t matter, because is not part of the postulates
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which led to the Bell correlations. What matters is that a ten-
sor product and entanglement are involved, otherwise there is no
difference from a general Leggett-Garg-type scenario. Therefore,
(19) Bell ⊂ Leggett-Garg.
Bell-type inequalities are just temporal inequalities involving com-
muting observables, applied to entangled states. They appear dif-
ferent from the temporal inequalities because the observables OˆA
and OˆB appear to act on different particles, which can be separated
in space. But the presence of the space separation is only intended
to emphasize the tension, by preventing local interactions to ac-
count for the correlations between the outcomes of the observables
OˆA and OˆB .
While the general temporal correlations are bound easier by us-
ing semidefinite programming [25], this is more difficult for the Bell-
type inequalities, because one has to restrict the methods to observ-
ables that commute [26, 27].
We can now summarize the relations (18) and (19) between the
three types of inequalities:
(20) Bell ⊂ Leggett-Garg ⊂ Kochen-Specker.
However, this hierarchy doesn’t prohibit the existence of pro-
cedures to convert Kochen-Specker theorems into Bell’s theorems
[28, 29, 30, 19, 31].
Quantum correlations are stronger than classical correlations. A
classical mechanism would allow this amount of correlations work
only if the two subsystems would interact or exchange information.
Classical multivariate probability distributions are joint probability
distributions. But in QM, it is not always possible to assign definite
values to all variables simultaneously. Therefore, as shown by A.
Fine [32, 33], for Bell-type scenarios there is no joint probability
distribution which gives the same correlations as QM. Any joint
probability distribution should obey Bell’s inequality, while QM vi-
olates it. The idea that quantum correlations are characterized by
the nonexistence of a joint probability distribution applies also to
Kochen-Specker type correlations [34, 16], and temporal correla-
tions [35, 36]. Because quantum correlations are just expectation
values of products of observables, the joint probability distributions
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exist when the involved observables commute. This suggests that
the source of quantumness is the noncommutativity of observables
[37, 34]. However, as we shall see, while the tension requires non-
commutativity, noncommutativity doesn’t always lead to tension.
We have seen thus that the tension is also at the root of quantum
probabilities.
4. Tension and noncommutativity
From the dawn of Quantum Mechanics, the fact that observables
may not commute has been seen as the key feature of the phe-
nomena characteristic to quantum world. And this is partly true,
because noncommutativity can be found at the root of all these
phenomena. In the meantime, new strange quantum phenomena
were discovered, which seemed to take place also when noncommu-
tativity is absent, like the EPR paradox. Although in general the
EPR paradox is presented as not involving noncommutativity, be-
cause the observables OˆA and OˆB commute, we have seen in §3.2,
that here noncommutativity is present too. Similarly, contextual-
ity involves compatible observations, however, even in the original
Kochen-Specker theorem [15] are considered noncommuting sets of
observables that commute. Hence, noncommutativity is a signature
of quantumness.
So, why trying to explain quantumness in terms of the tension
principle, and not simply in terms of noncommutativity? Here are
some differences between the two.
First, there are cases when even commuting observables give rise
to tension. Consider for instance that we make an observation, then
the system evolved in time according to the Schro¨dinger equation,
and then we repeat the observation. During the time evolution, the
system may have changed and is no longer in an eigenstate of the
observable, so the tension appears. Of course, this can be easily
resolved by switching to the Heisenberg picture. In the Heisenberg
picture the two observables no longer commute. Commutativity of
observables differs in the Schro¨dinger and Heisenberg pictures, and
it is the latter that is more relevant to this.
More important, noncommutativity doesn’t necessarily generate
tension. Consider the case when two incompatible observations are
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made, but they share common eigenvectors. If the first observation
projects the observed system into one of these common eigenvec-
tors, then the second observation leaves it unchanged. So here we
have noncommutativity, but not tension, and the sequence of ob-
servations behaves similarly to the classical ones.
We see that noncommutativity is relevant because it leads to
the tension, but it simply doesn’t matter when it doesn’t lead to
tension. The tension principle captures better quantumness, and
therefore has a better explanatory power than noncommutativity.
5. Quantum Mechanics in relation to spacetime
We have seen so far that the tension principle is responsible for
the internal weirdness of QM. Yet, when we take into account that
the particles have to live in a spacetime, this weirdness can be
amplified to become more evident. Then, by comparing quantum
phenomena with nonquantum ones taking place in spacetime, QM
seems even stranger.
An example of such amplification is present in the EPR experi-
ment. We have seen in sections §3.2 and §3.5 that EPR experiment
can be easily understood from the principles of QM, if we forget
about space-like separation of the two entangled particles. This
space-like separation is what makes QM appear incomplete, like
Einstein, Podolsky and Rosen concluded in their paper [12].
The idea of modifying an experiment in order to emphasize or
amplify the weirdness of Quantum Mechanics was also used by
J.A. Wheeler in his famous “delayed choice experiment” [38]. In
this experiment, the observer chooses whether to measure “which
path” of “both ways” after the photon passed through the double-
slit. Depending on this choice, the photon follows either a path
or the other, respectively both paths, as if it seems to anticipate
what the observer will choose to measure. This delay of the choice
made by the observer emphasizes the fact that there is no way
the experimental setup influenced through local interactions the
interaction of the photons with the double-slit. To make the things
worse, in [39] is proposed an experiment in which the choice is
postponed even after the measurement took place.
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The internal weirdness of QM can be, if not completely under-
stood, at least acceptable. However, the external weirdness, that
which is manifest when we try to make sense in the same time
of both QM and Relativity seems more acute. It is at this edge
where concepts like nonlocality, realism, faster than light signaling,
ontic vs. epistemic etc, become important. While I avoided to dis-
cuss them in order to simplify the exposition and make it clearer
that the tension is the core of quantumness, this omission does not
sweep under the carpet any of the internal problems of QM. But
regarding the external ones, we would want to make sense of QM
and the macroscopic world, which appears to be classical. We also
want to be able to think at QM and Special or, if possible, General
Relativity as describing the same world, not completely different
universes, with different, incompatible sets of laws. This is why
various attempts to interpret, reformulate, reconstruct or modify
QM are so important.
To do this, it may be useful to identify the essence of quantum-
ness, as a central point which allows us to solve simultaneously as
many conflicts as possible. In this paper I brought arguments that
this essence is the tension principle. This makes quantum phenom-
ena so different than the other phenomena. So, in order to resolve
the problems which appear at the interface between QM and other
fields, we have to resolve this tension.
This is why hidden-variable theories tried to modify or complete
QM, to make it compatible with the notions of causality inherited
from Classical Mechanics, which are more intuitive and easier to
accept. Actually, we can say that most interpretations try to resolve
in one way or another the internal tensions of QM, as well as the
tension between QM and the classical or special-relativistic notion
of causality.
I will mention a particular proposal which attempts to solve pre-
cisely the tension identified in this article, without modifying QM,
and even without breaking the unitary evolution governed by the
Schro¨dinger equation [40, 41, 42]. The first idea on which this so-
lution is based is that if there is only one observable involved, or
if all observables commute, then there is no tension between the
constraints on the observed system. Even in this case, in order for
the explanation to work without breaking the unitary evolution,
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the initial conditions of the observed system have to depend on
those of the measurement apparatus [43]. But when incompatible
observables are present, and they impose constraints which are in
tension, this is not enough.
Here comes the second idea, which is that whenever a system is
observed, it becomes entangled with the measurement apparatus.
Hence, the next measurement acts on a larger Hilbert space. This
in its turn enlarges the Hilbert space by entangling the system with
the corresponding apparatus. Each new measurement or interac-
tion of the system adds new degrees of freedom, and enlarges the
observed Hilbert space. But in a larger Hilbert space, there is more
room for the observables to commute. And if they do commute,
the tension is resolved. Of course, it is an open problem that the
injection of degrees of freedom by each new measurement is enough
to make the observables commute, but this argument shows that it
is possible, at least in principle, to resolve the tension. This solu-
tion is compatible with the causality from both Special and General
Relativity, and in fact the block universe view of Relativity seems
to be a better frame to understand how there can be solutions of
the Schro¨dinger equation that satisfy the constraints imposed by
incompatible observations [44, 45].
6. Conclusion
We have seen that the many features of Quantum Mechanics
that appear counterintuitive and paradoxical, can be seen as var-
ious manifestations of a single principle – the tension principle.
This principle states that they are caused by the tension between
the constraints imposed by incompatible observations. The tension
principle itself is counterintuitive.
The tension principle is not introduced as a completion of the
other principles of Quantum Mechanics, nor it is not used to derive
them, being in fact implicit in them. The role of emphasizing the
tension principle is to show that, if we have it in mind when thinking
at the paradoxes of Quantum Mechanics, it contains their essence.
We can say that the quantum paradoxes have their root in one
single paradox, namely that the constraints appear to be contra-
dictory. But maybe Bohr’s saying applies here too: Contraria non
16
contradictoria sed complementa sunt. Even if this principle gath-
ers the essence of other typically quantum phenomena, it would be
useful to understand how the tension is resolved. This remains an
open problem, and can be seen as the starting point of possible
interpretations and reformulations of Quantum Mechanics.
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